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ABSTRACT

The snpertamily Conoidea is one ot the most speciose groups

ot marine molluscs, watli almost 700 genera and 10,000 living

species. Previous classitications were based on morphological

and anatomical characters, hut clades and phylogenetic rela-

tionships were not well assessed. Information provided by cme

mitochondrial (COl) and three nuclear (28S, 18S, and 113)

genes were used to inter tlie phylogeny ot this group. Data

were obtained trom more than 100 specimens, belonging to

54 genera, collected during recent ciaiises in the western

Pacitic (Philippines, Vanuatu, Nortolk Ridge, and Chestertield

and Solomon Islands). Analyses were performed on each gene

independently as well as tor a data matrix where all genes were

concatenated, using several methods (ML, Parsimony, Bayes-

ian). Some tamilies anti subtamilies among Ctmoidea corre-

spond to well-supported clades unitormly recoyeretl with all

gcmes and all methods, but others appear to be polyphyletic.

Several bathyal and abyssal genera are also shown to be poly-

phyletic. Onr results also point out some new phylogenetic

relationships at the tamily, sublamily, and gemis levels.

Aildil ional ka/tuords: 18S rDNA, 28S rDNA. classitication,

COI gene, Conoitlea, Conidae, 113 gene, molecular phylogeny,

d'oxoglossa, Tnrridae, western Pacitic

INTRODUCTION

Tlie siiptudainilv Conoitlea, t>r Tt)\oglt)ssa, is tjne ol the

most [irolilie groups ol marine mt)llnscs, bt)tli in genera.

with almost 700, anti species, wath perhaps 10,000 re-

cent and lossil species (Bonchet, 1990). The genns

Co}}iis alone includes more than 500 species, making it

the most speciose genus of marine animals (Kohn, 1990;

Duda and Kohn, 2005). The monophyly of the group,

characterized by a veuom apparatus (Taylor et ah, 1993),

is not qtiestioned, but the classification wdthin Conoitlea

still remains problematic. Subtlmsions within Toxoglossa

anti relationships between them are not well-defined,

mostly because ol the huge moqrhological and anatttmi-

cal variation encountered.

During most of the 19th and 20th centuries, clas.sifica-

tions (e.g., Fischer, 1SS7; Cossmann, 1896; Hetiley,

1922; Thiele, 1929: Wenz, 1938-1944) were based on

characters of the shell and of the radula, and Powell

(1942, 1966) later gave emphasis on characters of the

prt)toconch. All these authors traditionally recognized

three families of Recent Conoitlea: (1) Conidae, only

containing the genus Conus, (2) lerebridae containing

species with acuminate shells without a siphoual canal,

and (3) Turritlae, including the remainder, i.e., the vast

majoritv' t)f the group. PtnveH’s (1942, 1966) subdivision

t)f the Turritlae in nine stiblamilies was the basis for

tiirrid class! ficatittus in the latter half of the 20th centur)'.

Subsetpient authors diverged ou the uumber of subfa-

milies they recftgnizetl, mostly splittiug t)ue subfamily

into several (AIcLean, 1971; Kilburn, 1983, 1985, 1986,

1988, 1991, 1992, 1995). Taylor et al. (1993) extensively

usetl anatttmicid characters, in atlditittn tt) ratlulae, tt>
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propose an entirely novel classification with six lainilies

(Conidae, Tnrridae, Terehridae, Drilliidae, Psendomela-

toinidae, and Stiictispindae). The most important changes

introduced in their classification w^ere that Conidae was by

then enlarged beyond Coninae {Coiiits) to include five

subfamilies pre\ionsly placed in Tnrridae, and that the

new'ly restricted Tinridae incinded live additional snhla-

milies. Bonchet and Rocrois (2005) recent re\iew' ol

gastropod classification essentially retained Taylor’s classi-

fication with updates based mainly on Rosenberg (1998)

and Medinskaya and Sysoev (2003). We use “Tnrridae

sensn lato” to designate all Conoidea except Conus and

Terehridae (i.e., Tnriidae sensn Pow'ell (1966) and most

20th centniA' antliors) and "Tnriidae sensn stricto ” to des-

ignate the family as restricted by Taylor et al. (1993), wiiile

“Conidae” designates the expanded family after Taylor

etal. (1993).

Although Couus itsell has been subjected to intensh'e

molecular studies (e.g., Dnda and Kohn, 2005), the phy-

logeny of the broader Conoidea has not yet been addressed

based on molecular characters. The present paper, which

expands on onr earlier work (Pnillandre et ah, 2008), pre-

sents the first molecular phylogeny based on one mito-

chondrial and three unclear genes of the crown ciade of

the Caenogastropoda. It prmides insights at several taxo-

nomic levels (generic, snblamilial, and familial) and offers

re-eval nations of the adequacy of pre\ions classifications.

MATERIALSANDMETHODS

Materials; A total of 108 .specimens of Conoidea w^ere

used for molecular analyses, representing 54 valid gener-

ic names (Table 1). Eight specimens, noted r/), conld not

be attributed whtb certainty to a genus. Specimens oi

Tereliridae and Conus were identified to species level.

Specimens were sampled dui'ing several cruises from

2004 to 2006 in the sonthwe.stern Pacific. Li\ing speci-

mens w'ere anesthetized, a piece ol tissue w'as cut from

the head-foot, and fixed in 95% ethanol. Shells were

kept intact for identification. A specimen of a species ol

Nassaria and a specimen of a species of CanceUopoUia,

both in the neogastropod family Bnccinidae, closely

related to Conoidea (Harasewych et ah, 1997; Colgan

et ah, 2007), w^ere used as outgroups. Littorina littorea

(Linnaeus, 1758), belonging in the non-neogastropod

family Littorinidae, w'as used as a third outgroup, wdth

seijuences taken Irom CeuBank (CeuBank accession

numbers: AJ622946.1, Q)279985.1. AJ4S8712.1 and

DQ093507.1). Outgroups were chosen to form a nou-

monopbyletic group, as recommended by Darin and

Tassy (1993). All vouchers are kept in MNHN.

Sequencing: IONA wtis extracted from a piece of foot,

using 6100 Nucleic Acid Prepstation system (Applied

Bio.system) or DNeasy® 96 Tissue kit (Qiageu) for smal-

ler specimens. A fragment of 658 bp of Cytochrome
Oxidasel (COD mitochondrial gene was amplified using

the universal primers LCO1490 and HC02198 devel-

oped by Folmer et al. (1994). Three unclear gene frag-

ments were also analyzed: (1) 900 hp of the rDNA 28S

gene, imobing 101, 102 and D3 domains (Ifassonna

et ah, 1984), using the primers Cl and 103 (Jovelin

and jnstine, 2001); (2) 328 bp of the II3 gene using

the jrrimers H3aF and II3aR ((Okusu et ah, 2003); (3)

1770 hp of the 18S gene using three pairs of primers: IF’

and 5R, 3F and Bi, A2 and 9R (Ciribet et ah, 1996;

Oknsu et ah, 2003). All PCR reactions w^ere pt'rlormed

in 25 pi, containing 3 ng of DNA, IX reaction hiilfer,

2.5 inAI MgCL. 0.26 mMdNTP, 0.3 pM of each primer,

5% 10 Also and 1.5 units oi Q-Bio Taij (Qbiogene) for all

genes. Amplilications consisted ol an initial denatnration

step at 94°C for 4 min, follow'ed by 30 cycles of denatur-

ation at 94°C for 30 sec, annealing at 52°C for 28S gene

and first and third fragment of 18S gene, and 53°C for

II3 gene and second fragment of 18S gene lor 40 sec

and extension at 72°C for 1 min. The (inal extension w'as

at 72°C for 10 min. Thermocycles used for COl geue

w'ere described in Hebert et al. (2003). PCR products

were purified and sequencetl by the Cenoscope (Cen-

bank accession numbers: EU015417-EU015858).

Phylogenetic An.alyses: COI and 113 genes w'ere

manually aligned wdiereas 28S and 18S genes were auto-

matically aligned using ClirstalW multiple aliguments

implemented iu BioEdit \'ersion 7. 0.5. 3 (Hall, 1999). Nu-

cleotide substitution models w^ere selected for each gene

separately and for each combined dataset using the pro-

gram Alodeltest (Po.sada and Crandall, 2001 ), in conjunc-

tion WTth PAIIP 4. Ohio (Sw'offord, 2002). Analy.ses w'ere

conducted using three different approaches. A heuristic

Alaximum Parsimony (MP) search w'as e.xecuted w'ith 100

Random Taxon-Addibon (RA), Tree-Bisection and Recon-

nection (TBR) hranch-.sw'apping, all sites equally w'eighted

and indels treated as fifth states, using PAliP d.OblO

(Sw'oflord, 2002). Alaximnm Likelihood (AIL) heuristic

search was conducted with 100 replicates with TBR
branch-swTippiug using PhyAIL 2.4.4 (Guindou and Gas-

cnel, 2003). Robu.stness of the nodes was assessed using

nonpararnetric bootstrapping (Felsenstcin, 1985) w4th 100

bootstraps replicates for MP analysis and 1000 lor AIL

analysis, TBR brancb-.swAipping and 100 RA replicates.

Bayesian Analysis (BA) consisted ot six Alarkov chains

(8000000 generations each with a sampling fre(|U('ncy of

one tree each hundred generations) run in two parallel

analysers u.sing Mr. Bayes (1 Inelsenbeck et ah, 2001). For

the treatment of combined data using BA, the data w'ere

separated into lour different partitions corre.spouding to

the lour genes analyzed, each followang the best litting

model of substitutifin estimated for each gene.

Phylogeny ANDClassification: Because of the iustabiliri'

of the taxonomy ol the group, currently accepted ,s\tio-

nvmies cannot he taken lor certain and must he re-

evaluated. Our taxou sampliug includes several genera

for as many as pos.sible ol the snhiamilies proposed in

the literature (Table 2). From a nomcnclatural penspec-

tive, only the occurence ol the ripe genus ol a lamilv-

groiip name iu a ciade allow's for an um-qiiivocal

application of this name to that ciade. For examjrle, the
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Table 1. Specimens oi Conoiclea used in this sttidy. Identification number (ID) and cruise of collection are given for each

specimen. Specimens are identified to genus level, e.xcept Conus and Terebridae which are identified at species level. A cross

indicates that the specimen was successfully sequenced for the gene. Allocation to clades A, B, C and 1 to 21, as defined by the

molecular analysis, is given for each ta.\on.

ID Cruise Genus (or species) identification COI 28S 18S H3 clades

17700 BOA 1 Batlu/foma Harris and Burrows, 1891 X X X X 20 B
17701 BOA1 Leucosijii}ix Dali, 1889 X X X X 9 A
17702 BOA 1 Lcucosi/rinx Dali, 1889 X X X X 9 A
177,54 Panglao 2004 Tunis Boding, 1798 X X X X 5 A
177,55 Panglao 2004 Crassispira Swainson, 1840 X X X X 2, C A
17835 BOA1 Bcnthoniangelia Thiele, 1925 X X X X 17 B
17836 BOA 1 Rimosoclaphnella Cossmann, 1915 X X X X 10 B

17837 EBISCO Inquisitor Iledley, 1918 X X X X 2, C A
17838 EBISCO Genunula Weinkauff, 1875 X X X X ,5 A
17839 EBISCO Borsouia Bellardi, 1839 X X X X 16 B
17840 EBISCO Homiclavus Oyama, 19.54 X X X X 7 A
17841 EBISCO Gi/muobelu Verrill, 18,84 X X X X 10 B
17842 EBISCO Cochlespira Conrad, 186,5 X X X X 8 A
17843 EBISCO Fund Kilburn, 1988 X X X X 2, C A
17844 EBISCO Gi/innobela Verrill, 1884 X X X X 10 B
17845 EBISCO Terctiopsis Kantor and Sysoev, 1989 X X X X 10 B
17846 EBISCO Leucosipinx Dali, 1889 X X X X 3, C A
17847 EBISCO Splenclrillia Hedley, 1922 X X X X 1, c A
17848 EBISCO Ph’urotomclki Verrill, 1873 X X X X 10 B

17849 EBISCO cf. Geinmuloborsonia Shnto, 1989 X X X X A
17,8,50 EBISCO Turridrupa Hedley, 1922 X X X X 5 A
17,851 EBISCO Inquisitor Hedley, 1918 X X X X 2, C A
178.52 EBISCO Genunula Weinkauff, 1875 X X X X 5 A
17,8.53

17.8,55

EBISCO
Norfolk 2

Heteroturris Powell, 1967

Benthofascis Iredale, 1936

X X

X

X

X

X

X

18 B
B

17.857 EBISCO Bathijtoina Harris and Burrows, 1891 X X X X 20 B
17,858 Panglao 2004 Clavus Monfort, 1810 X X X X 1, C A
17,8,59 Panglao 2004 Turridrupa Hedley, 1922 X X X X 5 A
17,860 Panglao 2004 Lophiotonm Casey, 1904 X X X X 5 B
17,861 Panglao 2004 Kermia Oliver, 1915 X X X X 10 B
17,862 Panglao 2004 Genunula Weinkauff, 1875 X X X X 5 A
17,863 Panglao 2004 Macteola Hedley, 1918 X X X X 11 B

17864 Panglao 2004 cf. Guraleus Hedley, 1918 X X X X 11 B
17,865 Panglao 2004 Bathi/tonia Harris and Burrows, 1891 X X X X 20 B
17,866 Panglao 2004 Manaelia Risso, 1826 X X X X 11 B
17867 Panglao 2004 Borsouia Bellardi, 1839 X X X X 16 B
17,868 Panglao 2004 Anacithara Hedley, 1922 X X X X 7 A
17,869 Panglao 2004 Etrema Hedley. 1918 X X X X 12 B
17,870 Panglao 2004 Otitoina Jousseaume, 1898 X X X X 2, C A
17,871 Panglao 2004 Kermia Oliver, 1915 X X X X 10 B
17,872 Panglao 2004 Macteola Hedley, 1918 X X X X 11 B

17873 Panglao 2004 Guraleus Hedley, 1918 X X X X 11 B
17874 Panglao 2004 Guraleus Hedley, 1918 X X X X 11 B

17,875 Panglao 2004 Tomopleura Casey, 1924 X X X X 14 B

17,876 Panglao 2004 Lienardia jousseaume, 1928 X X X X 12 B

17877 Panglao 2004 Mitromoiyha Carpenter, 1865 X X X X 13 B

17,878 Panglao 2004 Kermia Oliver, 1915 X X X X 10 B

17,879 Panglao 2004 Inquisitor Hedley, 1918 X X X X 2. C A
17,8,80 Panglao 2004 Kermia Oliver, 19L5 X X X X 10 B

17,881 Panglao 2004 Dapluiella Hinds, 1844 X X X X 10 B

17,882 Panglao 2004 Rapliitoma Bellardi, 1848 X X X X 10 B

17,88.3 Panglao 2004 Veprecula Melvill, 1917 X X X X 10 B

17,884 Panglao 2004 Leiocitliara Hedley, 1922 X X X X 11 B

17,885 Panglao 2004 Ceritolurris Dali, 1924 X X X X 7 A
17,8,86 Panglao 2004 Splcudrillia Heilley, 1922 X X X X 1, c A
1 7887 Panglao 2004 Microdrill ill Casey, 1903 X X X X 18 B

1 7888 Panglao 2004 Cerilolurris Dall, 1924 X X X X 7 A
17,889 Panglao 2004 Couoplcura Hinds, 1844 X X X X 1, c A

(Continued)
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Table 1. (Continued)

ID Cruise Genus (or species) identification COI 28S 18S H3 clades

17890 Panglao 2004 Raphitoma Bellardi, 1848 X X X X 10 B

17891 Panglao 2004 cf. Tritonofiini.s Dali, 1924 X X X X 10 B

17892 Panglao 2004 cf. Ghiphostomoides Shuto, 1983 X X X X 10 B

1789,3 Panglao 2004 cf. Mitroinoi'idia Caipenter, 1865 X X X X 13 B

17894 Panglao 2004 Lienardia fousseanme, 1928 X X X X 12 B
17895 Panglao 2004 IncjuisHor Medley, 1918 X X X X 2, C A
17896 Panglao 2004 Eucithara Fischer, 1883 X X X X 11 B
17897 Panglao 2004 Lienardia Jousseaume, 1928 X X X X 12 B

17898 Panglao 2004 Mitroinorpha Gaqrenter, 186.5 X X X X 13 B

17899 Panglao 2004 Eucithara Fischer, 1883 X X X X 11 B
17900 Panglao 2004 Eucithara Fischer, 1883 X X X X 11 B
17901 Panglao 2004 Anarithma Iredale, 1916 X X X X 13 B

17902 Panglao 2004 Clavus Monfort, 1810 X X X X 1. C A
17903 Panglao 2004 Eucijclotoma Boettger, 1895 X X X X 10 B

17904 Panglao 2004 cf. NannodieUa Dali, 1919 X X X X 12 B
17905 Panglao 200.5 Otitoma Jousseaume, 1898 X X X X 2, C A
17906 Panglao 200.5 Pti/chobela Thiele, 1925 X X X X 2, C A
17907 Panglao 2005 Gemmida Weinkauff, 187.5 X X X X ,5 A
17908 Panglao 200.5 Iwaoa Kuroda, 1953 X X X X 7 A
17909 Panglao 2005 Cingtdotercbra cf. ftijitai Kuroda and Habe, 1952 X X X X 6 A
17910 Panglao 200.5 Toinopleiira Casey, 1924 X X X X 14 B
17911 Panglao 2005 cf. Heteroturris Powell, 1967 X X X X 18 B
17912 Panglao 2005 Conus praecellens Adams, 1854 X X X X 19 B
17913 Panglao 200.5 Conus sidcatus Hwass in Bruguiere, 1792 X X X X 19 B
17914 Panglao 2005 Conus sidcatus Hwass in Bruguiere, 1792 X X X X 21 B

17915 Panglao 200.5 Toxicochlespira Sysoev and Kantor, 1990 X X X X 17 B

17916 Panglao 200.5 Comitas Finlay, 1926 X X X X 4, C A
17917 Panglao 2005 Terebra pohjffjrata Deshayes, 1859 X X X X 6 A
17918 Panglao 200.5 Comitas Finlay, 1926 X X X X 4, C A
17919 Panglao 2005 Cochlespira Conrad, 1865 X X X 8 A
17920 Panglao 200.5 Cochlespira Conrad, 186.5 X X X 8 A
17921 Panglao 200.5 Conus orbigniji Kilburn, 197.5 X X X X 21 B

17922 Panglao 2005 Conus luakai/amaensis Kuroda, 1956 X X X X 21 B

17923 Panglao 200.5 Cinguloterebra cf. fene.strata Hinds, 1844 X X X X 6 A
17924 Salomon 2 Thatcheiia Angas, 1877 X X X X 10 B

17925 Salomon 2 Toxicochlespira Sysoev and Kantor, 1990 X X X X 17 B

17926 Salomon 2 Borsonia Bellardi, 1839 X X X X 15 B
17927 Salomon 2 Daphnella Hinds, 1844 X X X X 10 B

17928 Salomon 2 Comitas Finlay, 1926 X X X X 3, C A
17929 Salomon 2 Bathijtoma Harris and Burrows, 1891 X X X X 20 B

17930 Salomon 2 Benthomangelia Thiele, 192.5 X X X X 17 B

17931 Salomon 2 cf Ti/phlomangelia Sars, 1878 X X X X 18 B
179.32 Salomon 2 Borsonia Bellardi, 1839 X X X X 15 B
17933 Salomon 2 Comitas Finlay 1926 X X X X 3, C A
179.34 Salomon 2 Borsonia Bellardi, 1839 X X X X 16 B
179.35 Salomon 2 Inijuisitor Hedley 1918 X X X X 2, C A
17936 Santo 2006 Conus generalis Linne, 1758 X X X X 19 B
179.37 Santo 2006 Conus gauguini Richard and Salvat, 197,3 X X X X 19 B
17938 Santo 2006 Terebra textilis Hinds, 1844 X X X X 6 A
17939 Santo 2006 Conus con.sors Sowerby, 1833 X X X X 19 B
178.54 Norfolk 2 Na.ssaria. Buccinidae X X X X

178.56 Norfolk 2 CancellopoUia, Buccinidae X X X X

GenBank Littorina. Littorinidae X X X X

clade containing the genus Raphitoina can unambigu-

ously carry the name Raphitominae. However, many
type genera are not represented in our taxon sampling

and some of our molecular clades do not include a ty|3e

genus. In such cases, we have relied on the traditional

allocation of non-type genera to a subfamily to link clade

and name. For e.xample, a clade containing three genera

classically classified in the family Drilliidae (Taylor et al.,

1993; Tippet and Tucker, 1995) can cany the name Dril-

liidae, even tliongh Drillia itself is not part of our taxon
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sampling. However, this approach does not lead to an

nnequi\'Ocal application of names when genera (or snlr-

lamilies) as traditionally construed prove to be non-

monophyletic; in that case, only the t\qre species (or the

t\pe genus) is the legitimate hearer of the name.

RESULTS

Almost all specimens were sequenced lor the lour genes

(see details in Table 1). Saturation analyses for the two

protein-coding genes revealed that the COI gene was

highly saturated at the third codou position; accordingly,

we used only the lirst and second positions in the phylo-

genetic analyses. Independent analyses of each of the

(our genes pro\’ided veiy poorly resolved trees, wnth few

well-supported clades (results not showm). Since no

incongruency was revealed among the single gene anal-

yses, we constructed a combined dataset comprising the

data ol the lour gene Iragments resulting in a sequence

length ol 342S bp, including 108 ingroups.

The Conoidea were found to be monophyletic, al-

though not strongly suppf>rted (AIP and ML bootstraps

respectively: 65 and 79, Posterior Probabilities PP: 1).

Nf'ithin the Conoidea, two clades could be distinguished:

clade A (AIP bootstraps: 58, ML bootstraps: 68, PP:

0.73) and clade B (MP bootstraps: 28, ML bootstraps:

52, PP: 1). Within the clade A, the clade C is found

strongly supported with ML bootstraps (91) and PP (1).

Analysis ol the combined datasets allowed the delinition

of 21 higher level clades, each of them strongly sup-

ported: AIP and ML bootstraps > 80 and PP > 0.99

(Mason-Gamer and Kellogg, 1996; Zander, 2004). They
included from one to 12 genera each (Ligure 1, Table 2).

Clades were numbered according to their position in the

tree. Clades 1 to 9 are included in clade A, and among
them clades 1 to 4 are included in clade C. Clades 10 to

21 are included in clade B.

All representatives ol a genus clustered together in

one ol the 22 clades, except lor representatives ol Bor-

sonia, Comifas, Conus, and Leucost/rinx. The represen-

tatives ol Borsonia and Conus split respectively in clades

15-16 and 19-21, each including only specimens Iroin a

single genus. The relationships between the two clades

were not resolved and thus the monophyly of each of

these genera cannot be rejected. Conversely, the mono-
phyly ol genera Lcucosi/rinx and Coinitas (clades 3, 4

and 9) can be rejected, since representatives ol the two

geirera clustered in the clade 4.

DISCUSSION

Classification of the Conoidea: Although not .strongly

supported, our analysis sugge.sts that the superlainily

Conoidea is monophyletic. However, the Conoidea and

two outgroups used here {CanceilopoUia ami Nassaria)

both belong in the Neogastropoda, a group for which

die phylogeuy is not well resolved (Harasewych et ah,

1997; Colgan et ah, 2007), and the monophyly ob-seiwed

here could thus be an artifact due to under-sampling

within Neogastropoda. Within Conoidea, the large

amount of diversih' included in our dataset allows us to

discuss the current classification at genus, subfamily, and
lamily levels.

Accuraci/ of Taxonomic Delimitations at the Genus Level:

The genus is the lowest level for which we can discuss

taxonomic delimitations since most of our specimens are

not identilied at species level. Among the 54 genera iden-

tified in our dataset, monophyly can be rejected for only

two of them {Leucosi/rinx and Comitas), which indicates

that in most cases shell morpholog)' is an appropriate

predictor of generic allocations. Two further genera

{Borsonia and Co)uis) are found to be diphyletic, but the

position of the tsvo defined clades is unresolved and thus

monophyly cannot be e.xcluded.

Position of the Genera within the Subfamilies: Our anal-

ysis confirms many previous assignments of genera to

subfamilies as in Taylor et ah (1993) and subsequent

relinements of their classification (Table 2). However
several results do not confirm established classifications.

Lor example, the genus Otitoma, tentatively retained by

in the Mangeliinae by Kilburn (2004), who acted based

on shell characters, is here allocated to the Crassispirinae.

Bohustness of Suhfamilial Delimitations: We found dis-

crepancies between our phylogeuy and previous classifi-

cations at the subfamily level. Thus, crassispirine genera

are present in two clades (2 and 7), one ol them (clade

2) containing the tiqie genus. The polyp hyly of this sub-

family is supported by the existence of clade C, which

includes clade 2, but excludes clade 7. Given that the

relationships between clade 7 and others clades wdthin

clade A are not resolved, it is inconclusive whether clade

7 must be ranked as its own subfamily or whether it

must be grouped together with another existing subfam-

ily. Similarly, the subfamily Cochlespirinae as currently

construed appears pohqrhyletic. In three cases (Alange-

liinae, Coninae, Clathurelliiiae), pol)q)hyly is possible

but not demonstrated because of a general lack of sup-

port for deeper nodes in clade B.

Rol)ustness of Familial Delimitations: Linally, our results

also permit a discussion of family classification wdthin

Conoidea. Taylor et al.’s (1993) anatomical study sug-

gested a closer relationship of Clathurelliiiae, Conorbi-

nae, Mangeliinae, Oenopotinae, and Raphitominae to

Conus tfian to other members ol the lamily Turridae

sensu lato and their extension of Conidae included these

turrid subfamilies. In our study, clade B, although w^eak-

ly supported, corresponds to Taylor et al.’s (1993) family

Conidae.

Our study also revealed another weakly supported

deep clade (clade A) that includes genera classified by

Taylor et al. (1993) in three different families: IDrilliidae,

Terebridae and Turridae seiisu stricto (consisting of

Clavatulinae, Cochlespirinae, Crassispirinae, Turrinae

and Zonulfspirinae). Genera of the family IDrilliidae
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Figure 1. Consensus tree ot MP, MLand BA. Nodes presented here were iound with at least two ol the three methods used. Top
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1 to 21 are not presented.
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Table 2. Current Conoidea classification and comparison with our results. Current Conoidea classification including genera used

in the present study (based mainly on Taylor et al, 1993) and clades defined by the molecular phylogeny. Subfamilies are in bold,

tamilies in bold and capital.

TURRIDAE
sensu stricto

TIJRRIDAE
sensu stricto

Current System

DRILLIIDAE
Clavus

Conopleura

Splendrillia

Crassispirinae

Anacithara Horaiclm’us

Cerituturris Inquisitor

Crassispira Iwaoa

Funa Ptychobela

Cochlespirinae

Cochlespira

< Comitas

Leucosyrinx

Turrinae

Gemmula
Gemrnuloborsonia

Lophiotoma

Tunis

furridrupa

TEREBRIDAE
Cinguloterebra

Terebra

ZoDuUspirinae

Zemaciinae

PSEUDOMELATOMIDAE

STRICTISPIRIDAE

CLAVATULIDAE

Oenopotinae

Molecular Phylogeny

Clade 1

Clax'us

Conopleura

Splendrillia

DRILLIIDAE

Glade 2

Crassispira

Funa

Inquisitor

Otiloma

Ptvchobela

Clade 7

Anacithara

Ceritoturris

Horaiclavus

Iwaoa

Crassispirinae

Clade 3 & 4

Comitas

Clade 3

Leucosyrinx

Clade 8

Cochlespira

Clade 9

Leucosyrinx

Cochlespirinae A
Clade 5

Gemmula
Lophiotoma

Turris

Turridrupa

Gemrnuloborsonia

Turrinae

Clade 6

Cinguloterebra

Terebra

TEREBRIDAE

)

TIIRRIDAE
+ DRILLIIDAE
+ TEREBRIDAE^

Raphitominae

Daphnella Raphitoma

Eucyclotoma Rimosodaphnella

Glyphostomoides Teretiopsis

Gymnobela Thatcheria

Kermia Tritonoturns

Pleurotomella Veprecula

Clade 10

Daphnella

Eucyclotoma

Glyphostomoides

Gymnobela

Kermia

Pleurotomella

Raphitoma

Rimosodaphnella

Teretiopsis

Thatcheria

Tritonolurris

Veprecula

Mangeliinae

Bemhomangeha
EuChara ^
Guraleus

Leiocithara ^ . ,

,

,
loxicochlespira

Lienardia

Clade 11

Eucithara

Guraleus

Leiocithara

Macteola

Mangelia

Clade 17

Benthomangelia

Toxicochlespira

Clathurellinae Clade 12 Clade 18

Borsoniid; Borsonia Lienardia Heteroturris

Typhlotnangelia Etrema Microdrillia

Mitromorphid: Anarithma Nannodiella Typhlomangelia

Mitromorpha Clade 13

Bathytoraid: Bathytoma Mitromorpha Clade 20

Clathurellid: Etrema ? Anarithma Bathytoma

Nannodiella Clade 14

Tomopleurid: Heteroturris Tomopleura

Microdrillia Clade 15 & 16

Tomopleura Borsonia

Benthofascis
Benthofascis

Coninae Clade 19

Conus Conus

Clade 21

Conus

A

Raphitominae

Mangeliinae

Clathurellinae

Conorbinae

Coninae

B

7
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(clade 1) are included in clade C. This well-snpported

clade also contains taxa of the family Tnrridae sensn

stricto (Crassispirinae and Coinitas), and excludes the

other taxa of the family Tnrridae “sensn stricto” Conse-

quently, Tnrridae sensn stricto are not monophyletic.

Furthermore, according to Kantor (2006), the radnla of

Drilliidae is not fnndamentally dilferent from that ol

Tnrridae sensn stricto. Both onr molecular data and this

moiphological e\ndence suggest that Drilliidae should he

subsumed as a subfamily wdthin the Tnrridae sensn stricto.

Within clade A, the monophyly ol the lamily Terebri-

dae is supported but its relationships with other clades

ol Tnrridae sensn stricto is not resolved. However, this

result suggests that Terebridae are closely related to

Tnrridae sensn stricto, as already proposed by Cossmann
(1896), and Powell (1942; 1966).

Toward a Stabilized System for Conoidea: The taxo-

nomic sampling used here allows lor an estimate ol

molecular variability within clades at each level: several

genera are included in each snhlamily, several suhlami-

lies are included in each lamily, and most ol the lamilies

defined by Taylor et al. (1993) are present. How'ever,

even with a dataset of 54 genera, covering most of the

previously recognized lamilies and snblamilies ol Con-
oidea, the present study only brings preliminaiy results.

At genus level, these 54 genera represent only 16% ol

the 340 Recent genera described. It is clear that the

shell-based current taxonomic delinition ol many genera

will not stand alter molecular testing. At subfamily and

family levels, although a large part of the conoidean

diversity is represented in this study, some lamilies and

subfamilies are not part ol onr ta.xon sampling. The
highly divergent clades ioimd here in several snlilamilies

as previously defined demonstrate the need for further

research, which could better circumscribe snlilamilies

already known and probably lormally name new snbia-

milies anchor tribes. Finally new relationships are sug-

gested at the family level. As a remake of the Conus
stoiy, it now appears that the long recognized lamily

Terebridae does not stand alone apart irom the rest ol

the Conoidea, but could be the sister-group or even part

of the Tnrridae sensn stricto.
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